The aim of this study was to investigate urine early kidney injury molecules, including human kidney injury molecule-1 (KIM-1), liver-type fatty-acid binding protein (L-FABP), N-acetyl-b-D-glucosaminidase A (NAG), and neutrophil gelatinase-associated lipocalin (NGAL) in children with vitamin B12 (cobalamin) deficiency (CD). Twelve children with vitamin B12 deficiency and 20 healthy matched controls were included. Hematologic parameters, serum urea, creatinine (Cr), electrolytes, B12 and folate levels were recorded. Estimated glomerular filtration rate (eGFR) was calculated. Urine protein, electrolytes, and urinary early markers were measured. Patients with CD had significantly higher urine electrolyte/Cr ratios (p <0.05). Significantly higher urinary KIM-1/Cr, L-FABP/Cr, NAG/Cr and NGAL/Cr were found in CD group (p <0.05). Significant negative correlations were found between levels of serum B12 and urinary markers in the patients (p <0.05). Increased urinary kidney injury molecules and electrolytes in children with B12 deficiency suggest a possible subclinical renal dysfunction, which cannot be determined by conventional kidney function tests.
INTRODUCTION
Vitamin B12 (cobalamin) is an essential ingredient for cell growth and proliferation, hematopoiesis, and neurological functions. 1 Cobalamin deficiency (CD) is a worldwide problem in all age groups. Cobalamin deficiency may result in a variety of symptoms, since vitamin B12 is essential for nucleic acid synthesis, erythrocytes and for the maintenance of myelin. 2 Neurological symptoms such as hypotonia, seizures and developmental delay can be seen in infants, while in older children megaloblastic hematological changings, extrapyramidal signs and delirium or psychosis can be observed. 3 Selective vitamin B12 malabsorption or Gräsbeck-Imerslund syndrome has been reported together with proteinuria 4 . In addition, if CD advances, it will cause anemia, 2 which may lead to chronic hypoxia as one of the causes of kidney injury. 5 Although hematological and neurological aspects of CD have been investigated extensively, there is no study on renal effects of CD in the literature search.
Serum levels of blood urea nitrogen or creatinine do not increase until more than half of the kidney functions are lost. 6 Therefore, noninvasive early biomarkers that predict subclinical renal damage are necessary. The most promising biomarkers are human kidney injury molecule-1 (KIM-1), liver-type fatty-acid binding protein (L-FABP), N-acetyl-b-D-glucosaminidase A (NAG), and neutrophil gelatinase-associated lipocalin (NGAL). In this study, we used new injury markers including KIM-1, L-FABP, NAG and NGAL to investigate the possible subclinical effects of CD on kidney functions.
According to our search in English literature, we could not find any study investigating early markers of kidney damage in children with B12 deficiency. Thus, in this study, we aimed to investigate the possibility of subclinical renal injury, which cannot be determined through conventional methods in children with CD.
MATERIALS AND METHODS
Twelve children (7 male, 5 female) with CD, who admitted to the Dicle University Hospital between April and December 2015 period were included. The control group consisted of age-and gender-matched 20 healthy children (11 male, 9 female), who were admitted to the hospital due to a routine check-up or minor surgery, without anemia or any disease/drug use affecting the kidney functions. Medical history, complaints, and physical examination findings were recorded. Children with diabetes mellitus, rheumatic disease, urinary tract infection, sepsis, kidney disease, history of nephrotoxic drug use, or liver, heart or respiratory disease were excluded. Blood hemoglobin (Hb), white blood cell count (WBC), red blood cells (RBC), mean corpuscular volume (MCV), mean corpuscular h e m o g l o b i n c o n c e n t r a t i o n ( M C H C ) , a n d platelet count (PLT) were recorded. Anemia in childhood was defined as a hemoglobin (Hb) concentration below cut off levels established by the World Health Organization: 11 g/dl in children aged 6-59 months, 11.5 g/dl in children aged 5-11 years and 12 g/dl in children 12-14 years old. 7 Biochemical analyses included, serum urea, creatinine (Cr), electrolytes [sodium (Na), potassium (K), calcium (Ca)], aspartate transaminase (AST), alanin aminotransferase (ALT), lactate dehydrogenase (LDH), C-reactive protein (CRP), and B12 vitamin and folate levels. Diagnosis of CD was done when vitamin B12 levels were <148 pmol/L, with normal folate levels, and with exclusion of other causes of anemia. 2 Urine samples of 10 ml were centrifuged for 3 minutes at 3000 rpm and urine at upper part of the tube was filled in four separate Eppendorf tubes and stored at -80 ºC until measurements.
The following variables were studied in the urine samples: Ca, Na, K, magnesium (Mg), uric acid (UA), protein, and Cr. Urinary early markers of kidney injury including KIM-1, L-FABP, NAG and NGAL were also measured. Biochemical parameters were investigated by an Abbott ARCHITECT C16000 (Abbott Park, IL) device through an enzymatic colorimetric method. Early markers of kidney damage were examined by enzyme linked immunosorbent assay (ELISA) method. Urine electrolyte and early renal injury markers' concentrations were divided by the urine creatinine for comparisons. The eGFR was estimated from serum creatinine by using bedside Schwartz formula for children. 8 The study complied with the Declaration of Helsinki, all subjects gave informed consent and the study protocol was approved by the Ethics Committee of the Dicle University Medical School.
Numerical data were presented as mean plus/minus standard deviation, median, and maximum-minimum; whereas categorical data were given as a number and percentage. MannWhitney U-test was used for comparison between independent groups. Chi-square test was used to compare the categorical data. Relationships between data were investigated by using Spearman's correlation analyses. P value of less than 0.05 was considered statistically significant. 
RESULTS
Twelve (7 male, 5 female) children with CD were included. The control group consisted of 20 (11male, 9 female) healthy children. There was no significant difference in the mean age of children with CD and the healthy controls (6.9 ± 4.6 vs. 5.3 ± 2.4 years) (p >0.05) ( Table 1) .
No significant differences were found in eGFR, and serum urea, Cr, Na, K, Ca, ALT, AST, glucose, and folate levels between CD patients and the control subjects. The mean serum vitamin B12 level was significantly lower in the CD group compared to the controls (p <0.001); however, serum LDH level was significantly higher in CD group (p <0.001) ( Table 1) .
Significantly lower values of RBC, Hb, Hct (p <0.001) and higher levels of MCV and MCHC were found in CD group (p <0.001; p= 0.035, for each). There were no significant differences in WBC and PLT counts between two groups (p >0.05) ( Table 2) . Children with CD had significantly higher urine KIM-1/Cr, NGAL/Cr, NAG/Cr and L-FABP/Cr ratios compared with the healthy controls (p= 0.008; p= 0.019; p= 0.003; p= 0.011; respectively) ( Table 3) .
Although CD patients had significantly higher urine Na/Cr, and UA/Cr values compared to the control group (p= 0.029; p= 0.025, respectively), no significant differences were found in urine P/Cr, Mg/Cr,K/Cr, Ca/Cr and Protein/Cr values between the two groups ( Table 4 ). Significant positive correlations were found between urine KIM-1/Cr, L-FABP/Cr, NAG/Cr and NGAL/Cr ratios in the CD group (p <0.05). There were significant negative correlations between serum vitamin B12 level and urine biomarker/Cr ratios (p <0.05). In addition, significant negative correlations were found between values of Hb and Hct and urine biomarkers'ratios (p <0.05). Finally, there were significant negative correlations between RBC and ratios of urine L-FABP/Cr and KIM-1/Cr in CD patients ( Table 5) .
DISCUSSION
I n c r e a s e d u r i n a r y N a / C r a n d U A / C r in our CD children may be a sign of tubular dysfunction. In chronic renal failure, urinary injury biomarkers were found to be decreased if low hemoglobin levels corrected by the administration of erythropoietin. 9 Anemia occurring in CD deficiency may lead to chronic hypoxia. Renal tubular cells had a high metabolic activity and oxygen consumption and highly susceptible to hypoxia. 10 KIM-1, as a transmembrane protein, is upregulated in proximal tubular cells following ischemic or nephrotoxic injury and is expressed in the fibrotic areas of the damaged kidneys. 11 We found increased urinary KIM-1 levels in children with CD as a marker of tubulointerstitial changes.
L-FABP is thought to be an endogenous antioxidant that suppresses tubulointerstitial injury and is a biomarker of chronic renal damage and its progression. 12 Therefore, urinary L-FABP could be a novel biomarker for chronic intrarenal ischemia. Higher urinary L-FABP excretion was found in our CD patients may be a sign of chronic hypoxemia resulted from CD anemia.
NAG is an abundant lysosomal enzyme existing in the renal tubular cells and released in the urine during proximal tubular injury. 13 NGAL is a member of the lipocalin family, and has been identified as a sensitive biomarker of renal tubular damage in acute and chronic nephropathy.
14 Significantly increased urinary NAG and NGAL excretion in our CD patients may be indicative of subclinical injury of renal tubules.
Damage in kidney tubular cells can lead to tubular dysfunction with impaired electrolytes reabsorption. In our study, increased urine excretion of Na and uric acid were found. Moreover, increased urine kidney injury molecules of our patient suggested kidney damage. Correlation of these four novel biomarkers indicated that these patients may have kidney damage and these markers are valuable.
Although there was no difference in urine protein/Cr ratios between our CD patients and healthy subjects, Wahlstedt-Fröberg et al., reported elevated excretion of protein in their six patients with Gräsbeck-Imerslund syndrome. Non-elevated urine protein of our patients may be related to different etiopathogenesis of our patients (dietary CD) contrast to selective B12 malabsorption of Gräsbeck-Imerslund syndrome. 4 Negative correlations between urinary kidney injury molecules and Hb and vitamin B12 levels in the CD deficient group, supports the existence of a chronic process that renal injury increases parallel to deepening of CD.
The main limitation is the small sample size of CD group, and the other limitation is the cross-sectional design of the study. We could not measure urinary biomarkers after completion of cobalamin supplementation due to fall down of most patients from follow up.
In conclusion, despite normal levels of commonly used conventional kidney function tests, increased urine kidney injury molecule levels may indicate the existence of subclinical renal damage in patients with vitamin B12 deficiency. n
